In Pulsed Radar system design, the emphasis is on resolving closely spaced multiple targets i.e. "range resolution" and to cover larger range area with "less transmitted peak power". These Radar metrics depends on the waveform attributes such as pulse duration and bandwidth. A narrow pulse is required to achieve high range resolution and long duration pulse is required to improve the detection performance of radar. Thus, there exists a trade-off between range resolution and detection performance. To mitigate this limitation, pulse compression techniques are adapted. These techniques transmit longer duration pulse that will have bandwidth corresponding to a shorter pulse to achieve high range resolution. Pulse Compression techniques are used to enhance the performance metrics of the radar.
II. MATCHED FILTER
Good receiver design is based on maximizing peak signal to mean noise ratio. In order to maximize the signal to noise ratio at receiving stage of radar set, matched filter is the optimum solution. The impulse response of matched filter in time domain is expressed as where δ is the gain constant often set equal to unity, T n is the instant at which maximum peak signal to mean noise ratio occurs. For filter to be causal, T n is considered as . The complex envelope of a transmitted waveform which is given as input to the matched filter is given by For this input signal x(t), the output of the matched filter is attained by convoluting the received signal(x(t))with its impulse response h(t).
III. NEED FOR PULSE COMPRESSION TECHNIQUES
Resolution and Maximum range detection of targets are the two important parameters to be considered while designing the radar waveform because, these metrics depend on waveform attributes such as pulse width, bandwidth, modulation.
A. Range Resolution -
Resolution is the ability of radar to resolve two or more targets at different ranges but on same bearing . For a simple constant-frequency pulse, the resolution in range dimension is In case of Simple pulse, range resolution depends on pulse width. Thus, a shorter pulse width is required for better range resolution
B. Long Range Detection of targets -
A simple pulse have only two attributes, its amplitude(A) and pulse width. The energy in the pulse is product of peak power and its pulse width, which is given as Detection performance of radar can be improved by maximizing the pulse energy. The amount of energy in the pulse is proportional to the peak power and pulse duration. The higher peak power is required to accommodate enough energy for transmission of the pulse. Due to the constraints on the radar components to withstand high peak power, design of high power transmitter and receiver is a hectic task. Thus, another alternative to maximize pulse energy is to increase the width of the pulse.
C. Pulse Compression -
For improving range resolution a shorter pulse is required, whereas for improving long range detection performance of radar a longer pulse width is required. Thus, there exists a trade-off between range resolution and large detection of targets. To mitigate this limitation, Pulse Compression techniques are adapted.
(a)To increase the detection performance a short pulse is converted into a long pulse because, energy content of long pulse with low peak power would be the same with short pulse having high peak power. 
IV. FREQUENCY MODULATED PULSE COMPRESSION TECHNIQUES
The time bandwidth product of simple pulse waveform is unity whereas in the pulse compression waveform the bandwidth β is much greater than the pulse width, which can be obtained by adding frequency modulation to a simple pulse.
A. Linear Frequency Modulation(LFM)
Linear Frequency Modulation is used in radar systems to attain wide-operating bandwidths. In this case, the frequency of the transmitted wave either increases (up-chirp) or decreases (down-chirp) with time. The instantaneous frequency of linear frequency modulated waveform is stated as [1] Using eq. (5) The first null occurs when numerator is simplified [1] , leading to Rayleigh resolution of 1/β seconds and correspondingly the range resolution is given by
Eq. (7) shows that the range resolution of LFM is inversely proportional to swept bandwidth, unlike the simple pulse. The bandwidth and pulse duration in LFM can now be used to separately control pulse energy and range resolution. However, the LFM matched filter output exhibits sidelobe behavior as shown in Fig. 3 . Fig.3 , it is observed that the peak side lobe level is obtained at-13.9dB which results in target masking effect, when multiple targets are available in the radar field of view. Therefore, in order to reduce the side lobes, the techniques such as piece wise linear frequency modulation are adapted.
B. Two-stage Piece Wise Linear Frequency Modulation(PLFM)
PLFM is a class of frequency modulated pulse compression technique in which sweep rate is not restricted to constant as compared to the LFM. PLFM comprises of concatenated LFM signals with distinct sweep rates. The frequency of each stage is swept linearly through the given time frame. Piece wise linear frequency modulation is carried out in two and three stages. The instantaneous frequency of two-stage PLFM is given by
The phase of the two-stage PLFM is obtained by integrating eq. (8 ) T 1 denotes the instant at which the sweep rate changes. By substituting eq.(9) in eq. (2), the complex envelope of PLFM is obtained. Figure 4 to Figure 7 shows instantaneous frequency of two-stage PLFM of duration , β 1 =15MHz, β=30MHz and its corresponding matched filter output with different T 1 .
(a) (b) Fig.4 to Fig.7 and from Table 1 , it is observed that the peak side lobe level is reduced only when the sweep rate is altered at the pulse edges. PSL of two-stage PLFM is reduced by 2dB when compared to the LFM signal. Besides the two-stage PLFM, tri-stage PLFM is another frequency modulation pulse compression technique to reduce the sidelobes without degrading the resolving capability of Radar
B. Tri-stage Piece Wise Linear Frequency Modulation -
The instantaneous frequency of tri-stage PLFM across the total duration of 10µs ,is given by
The phase of the tri-stage PLFM is obtained by integrating eq. (10) By substituting eq. (11) in eq.(2) complex envelope of Tangent-based NLFM is obtained and this is given as input to the matched filter. Fig.8(a) it is clear that tri-stage PLFM consists of three LFM stages that increases the sweep rate at the leading and trailing edges of the waveform. From Fig.8(b) it is observed that the peak side lobe level is -17.5dB which is lowered when compared to the conventional LFM signal and two-stage PLFM signal. Instead of piece wise linear frequency modulation, the sweep rate is varied at every instant to observe the improvement in performance metrics
B. Tangent-based Non Linear Frequency Modulation(NLFM) -
The instantaneous frequency modulation function of this class NLFM is based on the tangent function [4] where , α≥0 is sidelobe control factor, β is the bandwidth of tangent-based NLFM. The phase function of tangent based NLFM is obtained by integrating eq.(12) Fig.9 to Fig.12 shows instantaneous frequency of tangent-based NLFM of duration ,β=30MHz and its corresponding matched filter output with different α. Table 2 it is observed that by varying α , there is reduction in PSL from -15.13dB to -34.96dB improving detection performance of radar despite of main lobe width broadening. Hence, to further reduce the sidelobe levels without increasing the main lobe width, hybrid-NLFM is implemented.
B. Hybrid Non Linear Frequency Modulation(NLFM) -
Hybrid NLFM is a result of an empirical research work done by Price [2] . In this technique, instead of piece wise change in sweep rates continuous non-linearity in frequency modulation can be implemented by using eq. From the Fig.13(b) , it is observed that the matched filter output has most of its sidelobes between -48 dB to -51dB with its first side lobe at -29dB. The major advantage of Hybrid-NLFM pulse compression technique over LFM, PLFM and Tangent-based NLFM is, it is capable of reducing the side lobe levels of Matched Filter response without any adverse effect on SNR. Table 3 compares the frequency modulated pulse compression techniques Table 3 it is observed that LFM has higher peak side lobe level, by employing piece wise linear frequency modulation and non linear frequency modulation, the side lobe levels have been reduced to greater extent
V.CONCLUSION
Linear Frequency Modulated pulse compression technique results in higher peak side lobe level in the matched filter output which leads to target masking. Subsequently, piece wise linear frequency modulated pulse compression technique is analyzed in both two and three stages. Using this technique, it is concluded that peak side lobe levels has been reduced by almost 2dB compared to the LFM without compromising the resolving capability of radar. In order to further reduce the peak sidelobe levels, Non linear Frequency Modulated Pulse Compression techniques are analyzed. One of its type is Tangent based NLFM. This technique results in lower peak sidelobe levels compared to the LFM and PLFM despite main lobe broadening. To mitigate this, Hybrid NLFM is analyzed in this paper. This technique reduced the peak sidelobe level to the greater extent without compromising the range resolving capability of radar.
